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PREFACE. 


Last Session, 1917-18, two of our members, Messrs. Steele and 
Larkin, read before this Branch a very interesting paper on the 
determination of ship proportions and machinery dimensions. 
That paper, to a large extent, dealt with the fixing of the dimen- 
sions to carry a certain specified deadweight. In it the lines and 
sectional area curve were briefly mentioned. Starting from this 
point, it is proposed to discuss in detail, in the first portion of this 
work, various methods of constructing body plans from previous 
successful designs; and, in the second portion, to examine the 
latest model experiment tank results for guidance in the choice 
of the best possible sectional area curve and proportions for specified 
conditions. This work is primarily intended for shipbuilders, 
but the second portion, which necessarily will largely deal with 
resistance, should interest engineers. To properly design ship 
lines, the sectional area curve should be first fashioned, but in 
nine cases out of ten in ordinary practice, the new design is con- 
structed from some previous successful design, or, in many cases 
I am afraid, from a supposedly successful one. For this reason, 
Part I. should prove of interest to the ordinary draughtsman, 
whilst Part II. will, at least, draw his attention to the more technical 
side of the subject. 


R. ALLAN. 


October, 1918. 


THE DESIGN OF SHIP’S LINES AND 
CONSIDERATIONS ON FORM AND RESISTANCE 


By R. ALLAN, B.Sc. (Foreign Member). 


Part I. 
DESIGN. 


1.—Graphical method of constructing body plan to give a required 
displacement, having same coefficients as previous design, 
z.€., same block, mid-area and prismatic coefficients. 


The usual method is to set off new water-lines in the ratio of 
the draughts, and alter the half-breadths in the ratio of the breadths, 
a simple but rather laborious task. In the graphic method this 
work can be accomplished in a very few minutes. 


Method of Procedure.—Draw the outline body plan half-breadth, 
base, and load water-line for the new design on transparent paper 
or tracing cloth. Then draw in water-lines corresponding to the 
water-lines of the basis ship at a distance apart given by original 
spacing multiplied by draught of new ship divided by draught 
of basis ship. 


(a) Beam of new ship greater than beam of basis ship. 
(See Plate No. 1). 


To obtain the offsets for any given water-line, say W,, L,, 
place the new body plan outline over the basis ship body plan so 
that points O on corresponding water-lines coincide, then slew 
upper plan round until the half-breadth spot W, on the new design 
lies on the half-breadth line W,W of the basis ship as shewn. _Pro- 
ject down the various water-line spots of the basis ship as at R, S, B 
etc., on the water-line W,L, by lines RR,, SS,, BB,, etc., parallel 
to W,W on the new design. 


(b) Beam of new ship smaller than beam of basis ship. 


The process is very similar to above, except that the body plan 
of basis ship is placed in the inclined position, and the new design 
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BASIS § SplIP. 


PLATE 1. 


placed over it, so that spot W of basis ship lies on the half-breadth 
line WW, of the new design. Then project up or down spots 
as before. Repeat process for each water-line, shifting upper 
body plan each time so that centre line intersections of corresponding 
water-lines coincide. To obviate shifting for each water-line, 
spots on water-lines other than W,L on basis ship may be pro- 
jected parallel to WW, on to W,L,, and then squared down on 
to the corresponding inclined water-line of the new design. 

The principle of the method is based on the properties of similar 
triangles, the offsets of the basis ship being expanded or contracted 
in the exact proportion required. 

After a little familiarity with the process, a complete fair body 
plan may be obtained in from 30 minutes to one hour. 


Plate No. 2 illustrates another graphical method of solving 
the same problem. 
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Proceed as before. The new outline body plan is placed over 
the basis ship body plan with the centre lines coinciding, so that 
corresponding waterlines WL and W,L, are clear of each other 
by any convenient distance. To obtain spots on W,L, for new 
design join the spots LL, by a line which meets the centre line at 
O. Join OB, OC, OD, etc., to cut W,L, in B,, C,, Dj, etc., re- 
spectively, which will be the spots required. For convenience 
in drawing the angle WLO should be about 45 degrees. If the 
upper body plan be placed over the basis ship body plan so that the 
corresponding water-lines all clear each other, and so that lines OL, 
PK, etc., are at about 45 degrees to the centre line, then the whole 
of the spots for the new design may be obtained in a few minutes. 
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I1.—Graphical method of constructing body plan to give a required 
displacement, keeping the same form of sectional area curve 
as previous design. 


This problem is particularly applicable to the design of de- 
stroyers, cruisers, Channel steamers, etc., where the sectional 
area curve has been found a very good one. Displacement and 
draft being fixed, and therefore block coefficient, by simply modi- 
fying the mid-area coefficient, the same prismatic, or in other words, 
the same sectional area curve, can thus still be adhered to. 


Take an illustrative example. 
Suppose the basis ship to have the following coefficients, viz. :— 


Block coefficient, — — -60 
Mid area __s,, _ sp -88 
Prismatic _,, sts are -682 
and block of new ship -59. Therefore mid-area to keep same 
-59 
ismati tb = -865. 
prismatic must be 75 5 


Method of Procedure.—Design midship section to the desired 
shape and coefficient. Then space off water-lines corresponding 
to the water-lines on the basis ship’s body plan in the proportion 


of ar See Plate 3. 
e.g., K,W, = a 
BASIS SHIP. NEW DESIGN. 
Oo 
, ; AL \ / 
ee. 


PLATE 3. 
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To find spots for W,L, corresponding to WL in basis ship, 


; WL, . 
alter the offsets of the basis ship in the proportion 7. ees 
W, P, m W, 0, ec, W, L, or Wilh, = WP x W,L, dies 
WP WOQ — WL WL 


wm 


Note that offsets for any given water-line are altered in the 
proportion of the corresponding half-breadths of that water-line 
at the midship sections, not in the proportion of the half-beams 


of the ships, as was done in methods G) and @). 


The proportioning may be quickly performed graphically as 
shewn in sketch, offsets WP, WO, WR, WL, etc., being transferred 
on to the new body plan by means of a strip of paper and parallel 
lines drawn as indicated. 

It should be noted that in all the above graphical methods 
success depends on careful draughtsmanship to ensure exact pro- 
portioning. The graphical methods will be found quite as accurate 
as, and quicker than, the ordinary method of proportioning by 
using a slide rule or calculation. 


I11.—Construction of body plan to give a required displacement and 
specified position of centre of buoyancy by geometrical 
variation of the lines of previous design, when limits of 
parallel body suitable. 


NUMERICAL EXAMPLE. 


Basis Ship. Proposed Ship. 
Length B.P., wit 400 ft. = L 422 ft. = L, 
Breadth, .... ais 52 ft. = B o4 ft. = B, 
Draught, ... aie 25 ft. = d 26 ft. 6 in. = d, 
Block coefficient, ... ‘760 = C ‘775 = C, 
Mid-area _,, one 9990 = M ‘990 = M 
Prismatic ,, swe -767 -783 
Centre of Buoyancy, 3-5 ft. forward 2:5 ft. forward 


It will be noticed that the mid-area coefficient is the only item 
that is the same in the two designs. 
Proceed as follows :— 


Find the block coefficients of the fore and aft bodies of each 
design respectively (a formula for this is given in the second part 
of paper).* For the basis ship they are -779 forward and -741 aft, 


* See Appendix B. 
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and for new design -789 forward and -761 aft. Then, treating 
each end as a separate ship, we find the alteration to the parallel 
body as follows :— 


Take fore body first. 
Alteration of length of parallel body x, 
difference of blocks x L 
~ M-—block of new ship 2 
Thus the increase in length of parallel body in fore body 
(-789—-779) x 200 


= 10 feet. 
‘99 — -789 
(‘761 — -741) x 200 
I fter body = ————————— =_ 17 ft. 5iin. 
n after body 9 761 in 


The form having dimensions 200 ft. + 10 ft. and 52 {t. breadth, 
1.é., 210 ft. and 52 ft. is next expanded to 211 ft. and 54 ft., so that 


i , 211 

all longitudinal dimensions are expanded in the ratio of wit 
‘ — : 54 

and all transverse dimensions in the ratio of 50" Therefore, 


setting off, starting from fore perpendicular sections 21 ft. apart 
on basis lines and lifting offsets, expand these in the ratio of = 
setting off on water-lines which have been altered in the ratio of 
“, we get the fore-end sections. A similar procedure will obtain 


the after-end sections. 


Another method of solving problem III., which has the advantage 
of being graphical, is as follows :— 

Construct the body plan from basis body plan by method as 
explained in No. 1, whose breadth will be 54 ft. and draught 26 ft. 
6 ins. Then for fore body set off, starting from the fore perpen- 
dicular, on half-breadth of new ship, sections whose distance apart 


are x 40 = 40-19 ft., and for after body, starting from after 


210 


a 


perpendicular, distances apart of 


21 
40 = 38-82 ft. 

oa * 38-82 ft Set 

off the sections before obtained at these spacings. Then lift offsets 

at the usual spacing of 42-2 feet apart, obtaining sections for new 

body plan. 
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1V. Method of modifying sectional area curve to obtain a desired 
position of centre of buoyancy. 


Suppose that a sectional area curve from a previous successful 
design has been obtained, but the position of the centre of buoyancy 
so obtained is not suitable for a new design. By altering the curve 
of areas, preferably in the after body, the necessary modification 
to the position of the centre of buoyancy may be obtained. As 
a rule it is better not to have too large a shift forward, since pro- 
pulsion is much more sensitive to any alteration to the fore body, 
especially at moderate or high speeds. This is conveniently 
effected by shifting, e.g. aft, the midship section through a distance 


d 


9 
— 
L 
Where d is the shift aft of centre of buoyancy desired, and k 
the distance between the centres of gravity of forward and after 
portions of the original curve of areas, varying from -3L in low 
prismatics to -4L in high. The positions of the perpendiculars 
remain unaltered, but the fore body is uniformly stretched and 
the after body contracted, the shift of any section originally 


2 - 
distant « from amidships being h — =* , L being the length 


k= 


between perpendiculars. 


Part II. 
FORM OF SECTIONAL AREA CURVE AND PROPORTIONS. 


In the second part of this work it is intended to deal in detail with 
the question of the best form for specified conditions. Within 
recent years the knowledge of the effect of form on resistance has 
been greatly added to by such able experimenters as Froude, Taylor, 
Baker and Sadler. Mr. Froude’s experiments have been mainly 
on fine high-speed vessels of the cruiser or Cross-Channel type. 
For solving the problems connected with the cargo vessel, Mr. 
Baker’s results are perhaps the most extensive and suitable, though 
Sadler in America has also to a certain extent covered this field. 
Taylor’s standard series and his experiments on the most suitable 
length of parallel body are also well worth study. 


Cc 
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Cruiser and Cross-Channel Steamer Type of Curve. 
(No parallel body). 


Mr. Froude published his results in the Trans. IJ. N. A. in 1904. 
To properly understand them a knowledge of the Froude system of 
notation is necessary. The father of the present Mr. Froude 
devised a method of eliminating absolute size from the comparison 
of resistances of various forms, based upon the three variables— 
displacement, resistance and speed. The value of speed which 


he called K is related to As, and the value of resistance called C 
is related directly to displacement A, and is really an inverted 
Admiralty coefficient. As an explanation of how these various 
constants are derived can be found in any text book on resistance, 
they are merely stated here. 

is speed in knots. 

is displacement in tons salt water. 

is length in feet between perpendiculars. 

is wetted skin area in square feet. 


OUD < 


Vv 
(1) The speed constant K = TE x +5834. 
oF . 


; EHP 
(2) The resistance constant C = —y—— x 427-1. 
A3 x V3 


L 
(3) The length constant M = "ne x +3057. 
3 


Dimension 


(4) The linear dimension constant = A x +3057. 
3 
Vv K 
(5) The length speed constant L = —="x1-0552. Also = —— 
VL VM 
S 
(6) The skin constant S = al x 09346. (See Appendix C). 
3 


For ships of the same model at corresponding speeds C and K 
are independent of absolute size (apart from skin friction correction). 
The skin friction curve is shown on type B, No. 1 plate. Let 
Fy, =skin friction term in C value for model, F, for ship. Then 
Fma—F; = (On—O,) S L—1%5. Tables for O, and O,, and L-"1%5 
can be found in Fyfe’s book. 

Mr. Froude’s experiments were made on a vessel of the cruiser 


form, 350 ft. x 57 ft. x 22 ft. draught, from which he formed other 
five distinct types. The modifications in form were made by 
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ast 6 per cent. of the length of the fore end, and 
The following Table gives 


ent. at the after end. 
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Similar variations were made on another set of proportions of 
the same type of lines, the only difference being that the ratio of 
beam to draught was altered to 66:19. This he called series B. 
The body plan (Plate 4) and fore and after end sections (Plate 5) 
will serve to explain the above Table. By simply altering the 
scale of the cross-sectional area curve, keeping ratio of draught 
to beam unaltered, other models were made for each type. 


PLATE 4. 
FroupE Bopy PLan. 


FP FPS FRY FRI-3 
Ty. “57 ‘29 (O 


20 AY RB 
AP Tyre), APTrpee. AP Types 3-b! 
PLATE 5, 


CONSIDERATIONS ON FORM AND RESISTANCE 


AS / [Ny 


Z 
KHNL + 


Pf Vy Ah | 
ly ai 1, 


HIN: 
AATING 


Favaysie nie 
AMSA LL 7] 


JA LA 


CONSIDERATIONS ON FORM AND RESISTANCE 17 


% 3 : 
- lego. Aad Ma 4, K= Yasos 


cars ic a el 
1 ke Fol Lod 


AA 
N 


PiaTeE 11. A6. 


: TN I 
| ee tt 
eran 


19 


[_[SKIN_CO| 


CONSIDERATIONS ON FORM AND RESISTANCE 


a a a) 
co oF 0 % 


VA LY. 


PLATE 12 


e660 Ff ° < < a 
= sanwa.d 


Donen sr a 
oN Z i 
oA AZ 
oA ZV 
Via ZA 
We VL 
WA AT 
TVA YS 
TZ a I 
MA eI 
TA At 
1A ae 
AZ Pe 
TT ee 


PLATE 18. 


20 THE DESIGN OF SHIP’S LINES AND 


= 
= 
eS 
hs 

& 
PS sd 


N 
5 
= 
laa 


PLATE 14. 


Mr. Froude recorded the results of all his experiments as follows, 
viz.:—C values are recorded in terms-of M for constant values 
of K. These are called Iso. K curves. These results are embodied 
in the series of diagrams which will be found on the Plates 6-11 
(A series) and 12-17 (B series) inclusive in a form which is much 
more handy for use than Mr. Froude’s method. It will also be 
noticed that the constants have been modified. These curves are 
worth careful study. They especially illustrate the effect of 


length on propulsion. The scale for ©) is logarithmic, this scale 
having the effect of giving curves a much evener contour. 
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These results may be applied to design. _ Appended is a Table, 
giving the sectional areas as proportions of the midship area for 
the six types, and the load water-lines as proportions of the half- 
breadths, and these areas and water-lines in the form of curves. 
(See Plate 18). 


Table 2. ; 
Table of Sectional Areas and Load Water Lines for 
Froude’s Models. 


8 
3 
1) 
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areas. 
Load 
water line. 


Load 


Sections. 
Sectional 
areas. 

_ Load 
water line. 
Sectional 

Load 
water line. 
Sectional 
Sectional 
areas 
Load 
water line. 
Load 
water line. 


. 


“89 | 2-57 
i 
2-08 | 4-47 


1-59 


4-93 3-47 | 6-02 
6-34 487 7:23 
7:50 6-24 | 8-18 
8-40 7°51 | 8-88 


8-63 | 9-42 


9-48 | 9-77 


9-69 | 9-89 9-90 | 9-96 
9-98 | 9-98 || 9-99 | 9-99 |/10°00; 9-98 
9°86 | 9-92 || 9/80 | 9-88 || 9-70 | 9-83 
8-42 | 9-06 || 8-27 | 8-95 


9-35 | 9-65 || 9-21 | 9-56 |! 9-15 | 9-46 
8-08 | 8-82 

7-19 | 8-18 || 7-03 | 8-05 

6-90 

4-28 | 5-65 || 4-15 | 5-52 


2-87 | 4-05 || 2-80 | 3-96 
1-64 | 2-42 || 1-60 | 2-36 


6-84 | 7-90 
5-46 | 6-77 
4-03 | 5-41 
2-69 | 3-84 
1-54 | 2-28 
-66| -92 || -81 
1) -07{] -11 
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Generally stated, Mr. Froude’s conclusions are that the re- 
sistance of a form is determined solely by the curve of cross-sectional 
areas, together with the extreme beam and surface water-line 
of the fore body, and if these three are unaltered considerable 
ship-shape variations in cross sections can be made without affecting 
the resistance. Series A applies to designs where the ratio of 
draught to beam is -386 and mid-area coefficient -8775, and series 
B to ratios of -288. For ratios between these two, the variation . 
of C may be taken as arithmetical. 

From the foregoing statements it will be seen that these results 
can be made use of for 

(1) Some other proportion of beam to draught. 
(2) Some other form of section. 

Thus, suppose it is necessary to use a section of the form C 
of, say, -92 to -95 coefficient, which is much more common nowadays 
than -8775 (see Plate 19), the method No. 2, as explained in Part I., 
can be used to form new body plan. : 


Pate 19. 


The body plan of Channel steamer, shewn on Plate 20, has 
been designed in accordance with type 5 in the fore body, as Mr. 
Froude has stated that the after body may be varied within limits 
without much effect on resistance. By varying the after body, 
thus any desired position of CB may be obtained. The designed 
draught is 11 ft. 8 in. mld., her breadth being 42 ft.6in. The 
corresponding Froude draught for type 5 B would be 12 ft. 23 in., 
with mid-area coefficient of -8775, giving an area of 457 square 
feet, which on 11 ft. 8 in., if it were desired to have same displace- 
- ment and sectional area-curve as type, would give a coefficient 
of -919. In this particular design only, the sectional area curve 
and water-line were adhered to, the mid-area being 445 square feet, 
which gives a coefficient of -897. Plate 21 shows the sectional 
area curve and load water-line. Other particulars are as follows :— 
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PLATE 20. 


Displacement, 2700 tons. 
Block mld. ex-bossing -524, ex with bossing -542. 
Prismatic forward -566, aft -604; total -585. CB aft 6-0 ft. 
Speed, 223 knots; I.H.P. 10,000. 
To illustrate the use of these curves, the ],H.P. has been worked 
out for the above design. 


Suppose ship to be 350 ft. x 42 ft. Gin. x 12 ft. 3 in. draught, 
2750 tons displacement, and 22} knots speed. The ratio of 


PLATE 21. 
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draught to beam is -288 and block -528. _ Hence vessel is of type 
5, series B. 


L; 
M! value is — ; = 24-98 
AS 


22-5 


— x 5834 = 3:5 


K? value 
2750% 


At the M! value of 24-98 the C! value for K? value of 3-5 series 
5B is 4-52 for vessel of length 350 ft., a skin correction in this 
Cl value has to be made, which will be found from diagram for 
No. 1 series to be -01, and this will be a diminution, making C1=4°51. 


1000 _ As V3 
Ct 2EHP. 
(2750)3 x (22-5)3 


E.H.P. = 9000. x 4°51 


From the formula we get 


= 5042. 
Or taking propulsive coefficient of -50, since an allowance will be 


necessary for appendages such as bossing, bilge keels, etc., we get 
I.H.P. = 10,084. 


This vessel would have an immersed piece aft of the 350 feet 
as in the cruiser type of the curves. 


The diagram, Plate No. 22,* will enable the best type of form 
for any K and M to be chosen. Each curve in the diagram is for 
a particular K value, and gives minimum C value obtained at that 
K value with any type of model, the best values being indicated 
by the numbers against the curves. K and M are usually fixed 
early in the design, and these curves, therefore, enable the best 
type to be chosen for the design. They are drawn for the A series 
only, as Mr. Froude found that the effect of form of area curve 
and water-line upon the general result was largely independent of 
the ratio of beam to draught. 

Summing up in a few words the general conclusions to be de- 
duced from Mr. Froude’s experiments, a study of Plate 18 will at 
once show that the increase of prismatic obtained by snubbing is 
accompanied by a change in the shape of the area curve, the hollow- 
ness of the ends becoming less marked with increase of snubbing 
until it disappears at P = -6. This change in the shape of the 
area curve produces an increase of the resistance at all moderate 
speeds, as a study of Plate 22 and Plates 6-17 will show. However, 
if the vessel is forced to very high speeds for its length, then this 
area curve produced by snubbing gives decidedly better results, 


* Baker’s Book on Resistance. 
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as in the cruiser type of curve in Plate 42, where speed length ratio 
is about 1-4. The penalty for stern snubbing is never very great. 


Generally stated, the conclusions of Baker, Taylor and Froude 
for curves of areas with no parallel body are as follows :—For 


ry 


/ 


\ 
values of VL -7 to 1-2 prismatic about -6 the forward half of 


the curve of areas should be decidedly convex to base tending 
to become tangential. The bow water-lines should be kept as 
fine as possible consistent with stability, and with slight hollow 
in it. The after-body area curve should be much the same as 
fore-body, but should be combined with fairly full water-line to 
prevent squatting at high speeds. However, if kept too full it 
may result in blunt ends, and, consequently, eddy-making. <A 
cruiser stern, or one of the type of Channel steamer, shewn in Plate 


. ; ; ~ 
20, partly avoids this. For higher values of Wa the fore end of 
the curve of fore body may be straightened as in cruiser type (see 
: ¥ ; 
Plate 42) with advantage, as the Wa increases, until it may be 
L 


even concave to the base line as in the torpedo boat type (see Plate 


42), where = 1-95. For Channel steamers running about 


V =1-2 WL straight bow lines best, and maximum ordinate of 
water-line should be aft amidships. Displacement should be small, 
1 
3 


or, in other words, the smaller the ratio the better the result. 


Taylor gives the following Table as the best relation between 


Vv 
and prismatic for minimum residuary resistance :— 
cc” y 
Vv 
——- 1-1 1-25 1:50 and above. 
VL 


Best prismatic about +57 60 ‘65 


Broad ships require rather higher and narrow ships rather lower 
coefficients than those given. 


For ships over -6 prismatic, it becomes necessary to introduce 
parallel body, or curve will become convex. This type of curve, 
however, may be used with advantage in the after-body of de- 
stroyers, steam yachts, or shallow draught vessels (see Plate 42). 
From the practical point of view, in the ordinary ship the intro- 


30 THE DESIGN OF SHIP’S LINES ANID 


duction of parallel body is a saving in labour and expense, besides 
benefitting propulsion. 

From the above it will be seen that a curve of areas which may 
suit one set of speed conditions will not be suitable for another. 
Therefore, if a design has been found successful, it is well to adhere 
to its sectional area curve, especially in the fore body. Any in- 
crease in displacement can be added at the buttocks of the after- 
body, of course keeping the curve fair. 


Cargo Ship Type (Area Curve and Proportions). 


Introductory. 


In recent years a vast amount of experimental work has been 
published in connection with the best form and proportions for 
cargo vessels. 

In Great Britain, Messrs. Baker and Kent, of the National tank, 
and Semple of the Clydebank tank, have been notable contributors 
to this field of knowledge. In America, M‘Entee and Sadler, and 
in Germany, Schaffran have published some valuable papers, 
especially M‘Entee. Their findings apply more particularly to 
the ordinary cargo vessel of fairly full form, ranging from -7 to -8 
block and as the major portion of our tonnage lies between these 
limits it will at once be seen how valuable these results are. 

These remarks apply more particularly to Baker and M‘Entee’s 
findings, as Sadler has covered a wider field and much information 
on the fast and intermediate liner type can be gleaned from his 
experiments. 

Before the curve of areas can be properly fashioned, it is necessary 
to discuss the various elements and proportions that enter into a 
design. At this point, before entering into a detailed discussion 
of these elements, it will be useful to state the various forms of 
resistances which a cargo vessel experiences and their relative 
magnitude. 

At quite low speeds, the largest proportion of the resistance is 
that due to skin friction, but there is also some due to wave-making 
and eddy formation. The skin friction amounts to about 80 per 
cent. of the total. As the speed increases, the proportion due to 
wave-making increases, and at the limiting practical speed, it will 
amount to from 25 to 30 per cent. of the total. 

In tramp steamers it is impossible to eliminate a certain amount 
of eddy-making at the stern, in the way of the post. The waves 
created consist of divergent sets at each end and transverse waves. 

Economy in wave-making can be effected by so arranging the 
shape that the bow transverse waves tend to cancel the stern waves 
at such speeds as these may be important. This matter will be 
explained in greater detail when dealing with the elements entering 
into wave formation. 
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Ship Dimensions. 


Two of the principal ship dimensions, viz., length and draught, 
are so dependent on harbour facilities that in many cases this, 
and not propulsion at all, limit the designer in fixing them, and the 
problem is really that of producing the least resistful form of given 
displacement with these two dimensions fixed. 


Stability considerations will probably fix the beam and dead- 
weight considerations the fullness. Recently this question of 
limiting fullness has received great attention. In full ships of from 
-78 to -82 block, the speed has been found to be much more ad- 
versely affected by weather conditions than those of finer coefficients. 

As a result of a series of investigations on several vessels of 
different blocks, ranging from -806 to -765, Mr. Hamilton of Liver- 
pool came to the conclusion, from considerations of sea speed alone, 
that it is undesirable to go beyond -77 to -78 block for any ocean- 
going cargo vessel. 

Mr. Kent has amply confirmed this statement during a series 
of voyages he made on several types of vessels and by a series of 
experiments just published, 1927. However, higher deadweight 
on given dimensions may influence many builders and owners to 
go in for fuller ships. 

Except at very low speeds, the resistance per ton of a ship having. 
large beam and draft is much greater than that of a ship having 
smaller lateral dimensions with the same length, speed and fineness. 

L Ww 
The len, i e i o— ‘So 
h gth displacement ratio (Froude’s wi Taylor’s (01 Ll) 


is thus one of the. most important factors affecting resistance at 
high speeds. In fast ships, attention must also be given to the 
relation between length and speed, as well as to that between length 
and displacement, remembering that additional length involves 
increased frictional resistance, so that one must balance this with 
the decrease in residuary resistance. 


The following Table gives the average values for these ratios :— 


Table 3. 
Crass oF SHIP, 


Very Full Cargo Ships, ... 
Average Full Cargo Ships, 
Fine Cargo Ships, oes 
Intermediate Liners, 

Fast Passenger Liners, ... 
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Wetted Surface. 


Wetted surface is very non-sensitive to such elements as pro- 
portion of parallel body in length and prismatic coefficient, but 
depends mainly on cross dimensions ; the smaller it is kept per ton 
of displacement consistent with non-wave making the better will 
be the propulsive performance. With fixed beam the wetted surface 
per ton will drop as the draught is increased and a similar drop is 
obtained if draught is fixed and beam increased. The best ratio 
of beam to draught is that which gives precisely the same reduction 
of skin per ton for either beam or draught reduction. Mr. Baker 
has found that for ships of about 30 per cent. parallel body, the best 
ratio of beam/draught is about 2-8 and somewhat less than this 
for forms of 50 per cent. parallel body. 


Area and Shape of Midship Section. 
The ratio found in the preceding heading should be taken into 
consideration when fixing shape of midship section. 


Mr. Baker states that for a given speed and displacement there 
is a mid-area most suitable for low wave-making. The following 
formula gives this area, viz., 


6-29 A P2 ; 
A = ya 
where V = speed in knots. 
= displacement in tons. 
Vv 
P = wave-making constant = -7446 ———— 
Vpxl 


where # = prismatic coefficient and L length between perpendi- 
culars, P expresses the relation of the speed of the ship to the 
speed of a wave, having a length from crest to crest equal to x L.. 
This matter will be discussed further under another heading. 


The most appropriate limits to the value of P for low wave- 
making can be obtained from Plate No. 23, where the unshaded 
portions give minimum resistance. By putting the values of P 
obtained from this Plate in the above equation, limiting values of 
A can be found. This Plate, originally published by Mr. Kent, 
when used intelligently in this connection will be found of immense 
value. The portions shaded are to be avoided as they indicate the 
region of humps or where excessive resistance takes place. 


Taylor, Baker’s, etc., results all point to the largest possible area 
being given to this section, consistent with other design features, 
in vessels of this type. Coefficients of -98 to -99 are quite common 
nowadays, and these can be worked in where there is large amount 
of parallel body by giving no rise of floor and greater bilge radius 
than with rise of floor. 


AS 
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Having found this area and assuming draught to have been 
already fixed, beam is determined, and, provided stability con- 
siderations are satisfactory, the prismatic coefficient can now be 
obtained and wave-making characteristics determined. 


The problem can be solved in another way and this usually is 
the method employed, by the tentative process of assuming mid-area, 
length and prismatic coefficient and finding from a study of Plate 
No. 23 whether this results in good or bad performance. 


Longitudinal Distribution of Displacement. 


The longitudinal position of the centre of buoyancy usually 
fixes this, bit as this is adjustable within limits, especially in cargo 
vessels, usually a satisfactory distribution of displacement for 


5 


minimum resistance can be obtained. 

The main elements entering into this are amount and position 
relative to mid-section of parallel body, or expressed in another 
way, the ratio of entrance to run. 

Considered from a resistance point of view, the L.C.B. would 
be well forward of mid-section in full vessels and aft in fine, high- 
speed ships. Considered from a disposition of weight point of view, 
cargo ships—especially single screws—demand a centre of buoyancy 
at load draught, the usual basis condition chosen, forward of the 
mid section, whilst passenger and war vessels demand it aft, thus 
in both cases not conflicting with the resistance point of view. As 
regards its position for definite types, in the ordinary cargo vessel 
carrying general cargo the desired trim may be obtained by a 
suitable distribution of cargo, but where the ship is carrying one 
type of cargo—as, for example, meat—there is not so much latitude, 
and in this case it is more essential to arrive at the exact position 
of the L.C.G. in the light condition, the locating of the centre of 
the cargo being a matter of geometry. In this type it is advisable 
in many cases to leave the fore-hold non-insulated for general cargo 
of greater density, especially if the ship carries general cargo on the 
outward voyage, and has been designed with a C.B. well forward 
for this condition. 

_ Of course it must be understood that the draught carrying meat 
would probably be about 80 per cent. of the load draught, as ob- 
tained from the Freeboard Tables, therefore involving a C.B. further 
forward than at deep load, as the locus of L.C.B. is generally further 
forward at lower draughts. With the liner type and cross-channel. 
steamer, and in fact all fast non-cargo carrying vessels, the location 
of the L.C.G. when light is very essential, the only means of rec- 
tifying trim in these cases being water ballast, an unremunerative 
method. 

The following figures give a rough guidance to the position of 
the L.C.B. from amidships for different types in terms of length :— 
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Liners, -010 L to -014 L aft. 

Channel Steamers Mail, -008 L to -020 L aft. 

Cargo Vessels, single screw, -005 L to -01 L forward; -008L 
good average. 

Cargo Vessels, twin screw, amidships to -008 L aft. 


Parallel Body—-Economic Length of. 

From a building and owners’ point of view, as great an amount 
of parallel body as can be obtained is a great desideratum. To 
obtain the greatest length of parallel body, consistent with low 
residuary resistance, the papers delivered by Mr. Baker in. 1913, 
1914 and 1915, and by Mr. Kent in 1919 give probably the best index. 

_ Mr. Taylor, in America, carried out a series of experiments on 
models of -68, -74 and -80 prismatics, inserting five different lengths 
of parallel body in each, displacement and dimensions Femaining 
constant. 
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At high speeds the most resistful were invariably those with 
fine ends and most parallel body. At more moderate speeds there 
was a certain percentage of parallel body for each prismatic coeffi- 
cient which gave the minimum residuary resistance, this length 
varying a little with the speed. 


Plate No. 24 gives these results in the form of curves. 


The percentages obtained from this Diagram may be varied up 
or down at low speeds without much effect on resistance. The 
increase in frictional resistance as more parallel body was added 
‘was negligible. 


It may here be added that parallel body with full forms, although 
an advantage in the fore-body, should be used as little as possible 
in the after-body, as the shorter run increases the resistance due 
to eddy-making. 


It should be here noted that in these experiments of Taylor, 
increased length of parallel middle body was naturally associated 
with an entrance and run of increasingly hollow lines not usually 
the case in practice. In Baker’s experiments, however, the di- 
mensions were kept constant and displacement varied, probably on 
the whole giving a better criterion for fixing this length. 


Mr. Kent’s paper of 1919 on the effect of beam on the resistance 
gave some useful information on determining the amount of parallel 
body. The following Table, taken from this paper, will serve to 
illustrate this point :— 
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It will be seen from a study of this Table that at 10 knots an 


increase in the fullness of the form by the addition o 


f parallel body, 
he displace- 


accompanied by a decrease in beam sufficient to keep t 
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ment the same, will give improved results up to about 30 per cent. 
of parallel body or prismatic of about -76. Above this limit, re- 
sistance for any speed increases rapidly. 

Table 5 shows the effect of introducing parallel body as beam 


Beam 


/ Mid Area 


sets L, M, N, the (c) value remains fairly constant, but set O shows 
a marked increase as parallel body is introduced. This is probably 
due to eddy-making caused by the shorter run in this set. This is 
supported by the 1914 experiments on varying prismatic of stern, 
as will be seen later when dealing with this paper. 


Length of Run 


and draught are reduced, keeping 1-69. For 


Should exceed 4-08, t.e. for all these models 
“/ Mid Section Area 
the length of run should be greater than x beam or 2-4] 
beams. 1-694 


Table 5. 


Effect upon the power of increasing the fullness by a reduction 
of beam and draught and an increase in parallel body. 


. Length between perpendiculars, 400 feet. 


B 
Ratio ——_ = 1-694. 
/ Mid Area 


' 
© |© | © 
at 10 at 12 at 14 
. | knots. | knots, | knots. 


10,000 tons displacement. 
-660 +670 -695 


12,000 tons displacement. 
655 674 ‘717 
-667 701 


661 708 
758 822 
14,000 tons displacement. 
-666 681 -740 
-667 708 -750 


679 ‘710 765 
797 862 1-064 
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The maximum beams above which, according to this rule, it is 
not possible to avoid eddy-making are given in Table 6. 


Table 6. 
| Maximum Beam 
Set. | Length of Run. to avoid eddymaking. 
feet. feet 
L 200 83 
M 180 75 
N 162 67 
1@) 116 48 


Valuable information on the maximum amount of ‘parallel 
body can be obtained in Prof. Sadler’s 1921 paper on “‘ The Influence 
of Shape of Transverse Sections upon Resistance,” and M‘Entee’s 
1919 paper on “‘ The Effect of varying amount of Parallel Body and 
Prismatic Coefficient simultaneously.” These papers are treated 
in a fuller manner under another heading. 


Ratio of Length of Entrance to Run or position of Parallel 
Body relative to Midships. 


Mr. Baker’s 1913 paper contains very valuable data on this 
ratio and the following Tables, giving these results in tabular form, 
will enable the designer to fix this ratio and also approximate to 
his horse power. 

There were five different sets tried of the following dimensions, 
etc., corrected for 400 ft. ship, as given in Table 7. 


Mr. Baker’s (©) values were plotted to a base of (k) values 


E.H.P. x 427-1 V 
where © aes ieee: and K = —7; x ‘583. 
As x V3 As 
Table 7. 
| 
Prismatic 
Ratios. Coefficients. + 
Parallel —— ee 
Set. . | Breadth | Draft Body. Beam Length 
Entrance] Run. 


Draft | Beam. 


feet. | per cent. : 
22.922/° 10 |225! 8 “52 
23-21| 10-44 | _,, | 7:6 | +57 


” ” | ” 
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The following chart, Table 8, giving these results in terms of 
E.H.P. and speed in knots, will at a glance show the effect of this 
ratio of length of entrance to run on the resistance. 


For high proportions of parallel body (50 per cent.) an 


entrance , 
—_— of about -9 is best and there is something to be gained by 


working the entrance shorter than the run even with 30 per cent. 
parallel body. As has been stated before, the prime cause of this 


entrance 


advantage of a low ratio of is the avoidance of eddy- 


making at the stern by the longer run obtained, and provided this 
is attained the resistance is not very sensitive to this ratio, and this 
permits of a certain freedom in adjusting the longitudinal C.B. 


6 


Paismanc Coerricient 
Prate 25. 


Speed in KnoTs 


a ee | 


‘spaods dizq yer} ojqeyms azeorpur sadAy, Aavoyy 


| | | | | | | 
"| O80F | OEE ores oer ose | Fer | 68s I89°T | 16¢: GLE: SPEL | 
| $898 | 6863 Loss AGL | S98 | OSF GLE eze-t | 6c: | ISS | FLEL 
| OGLE | SSO8 | 00GS O9BT S48 | 9SF Ilo |“ OT | 968: rec | STtL |W 
"| OLGF | BSEE | Szss | FSET | LOG | FSF «ESS AHS] ~— 9S: 109: 68s: | OSFL | 
LPLE 99-91 ST-ST | L8G 9€-1T | 60-6 SSL | sJoUy 
| | | | ys 
“| OL8: | £8 | LEL- | EF | SOS | FEF , BLE: | —— | 
ao) lee a ee es eee caren ae aes | 
GOI | 988S OL9F OFSE ELEE StSZ | F9sz | 0981 | |i = | « PZO'I | STO £09: | Zors 
AI | OGSS Ler OSE LEE | 18s LTT | OOS | ZEST | ISGI GEOL “| FIGT | S19 £09: | FEFS 
At | 0019 FELF  OLLE OIE TS9G | O<ES E96I | 98ST OUST L901 “ 406° = 9LI9 coo: | OSts q 
V1 | 902 0g 186€ E116 OSes SGI GIGI!) “| Seer e #89 S6I9- 909° | 09¢8 
GLI] “ S019 | Seer | SFE | OFLG | STZs | Est | | Oel, “a Hal 99% | S619" _—-909-_| sors | 
a ar Pe (==>5 pee peg eS 
FEST SLLL O-L1 | BBE OST LOFT) GEL | SEL) 9ETL OTT syoux | 
| 
| A 
| iG GS SB TTS! SLL: | CEL | S69: | O¢9- | 819° , oss: | =— | 
a : | | | ' eal eee | 
Vso | ofse FHZF eRce GeO | OSES FIIZ 89I | OFET | OSOT 099 . Lol GGQ-_— FSB TERS 
V0z | OSIE OZ6E | OOFE OSs | ESso_ES6I OE9T | SL4ZI | OO IFO a Zz 9669 89+ | FORE 
VSI | OFES SESE BEI ZL9G | GIGS -OFGI | TE9T | GSZI | CITT GFO * C06: o£ seso- | Lee | 7 9 
Dsl | S99 ONL GSE ONG | GIES S9GI  F99T | OVI ESOT SE9 4 799° S00L «989 | «SSG 
CST | 0OSL OOSS FISt OOS SBE O1OG IZ9T | EZeT | 6801 19 ‘d'H'A) — FSS 1OL. = 989" |: 986 
PLL GOL LBEE GUE GOEL PEL MOL | YSTL| YO1L $6 — : 
| | T 
ES | 8 | OGL: | TSL- | TIL: | GLO | GEO | 6S | Ess | SL | —— | 
| | | : | 
O6c | Olgs FITF SEOs FOFZ OOGT OFST  SG6II | FEE | EFL LES : Sd a 
Des | EVSr SFE OFIT SEIS GSLI  YSFI VIL | FSB | 989 Sas “ 9G  $EL- S6EL+ BENT 
V6I | O61 O88 Case GEES LEL1  OOFI | IgII | Z98 | O89 Ise . OO FL GEL OTeOT | ra 
| 2es | OIE SIF OSS YIIZ | SILI | ELel | IIIT | 998 | 299 Loe 008: ISL; | 9€L:—-S6G0I 
| Vs | S099 96LZF GFEE NFS FOST SOFT GEO | E48 | 699 SIE “d'H'a] 66S: CL SEL SOZOL | 
i =" | saan ar 
10-91 IGT LPDL I9E IS-ZI TOSI LIGIT FOL) 19:6 18-8 roy 
1A | 
O08: O9L:  OZL- O89" FH OD | OS | SS | OSE! OFF a | 
| ! 
¥#o| 1848 ZISt | 980F 9Lze  Ssez | OssI | 6LEI | Z90I | G08 | Zss a eo9-T | GS | 908 9ZZIT | 
At | OLSO TEEr Sse 099G | OBI OTST | FEIT | S68 | OS9 | FIS 7 LEGIT | GS | S08: | 99BIT | 
61 | OFZ9 OGEF OLE Ss9G | LEST SFT | FOIL | SS | GEO | BSF . 666- | Ig | Sos | 6ZIT | Pa | 
C61 | O00L O96 OSE OSLZ SLEI Y9FT | OTIL | StS | SFO | SSF . StL: | OCS | FOS: | ZESIT | 
AGI | OOFL OOFS OTF O16 | OGOT | 98ST | SEIT | 198 | 929 | LOF “AHA GOO | GIS | GOS — OBIT 
poe | PSE, SFE | Oser) 6-1 “LLBE git | Fe-0r| 66) 368 | IIS | s}0UY) angry | 
apoyy |!) men ; 
el ieee | eee | oe | ome | ome | eye | cee) eae | oie cor TA | comma “Sing | spore | -auowe | 39g 
| | 1) yee = | i ae | P = A | jo ysuoy | : -a0vdstq, ) 
Se iim pf | egy 
‘spoadg snore, 4 $}[NsaXT ‘orey, «| “SPUATIYJo09 : 
: | | 


"8 age | 


~ 


‘0G FLVId 


f He iS \ 
BBNVS \ A 


42 THE DESIGN OF SHIP’S LINES AND 


Plate No. 25, based on these experiments, will enable a close 
approximation to be made to this ratio. These experiments were 
all carried out on bare-towed models. 

Recently, M‘Entee in the States and Semple at Clydebank have 
carried out a series of experiments on self-propelled models for 
400 ft. cargo vessels, ranging from -72 to -77 block coefficient. 

Plate 26 gives the body plan of the parent model 2023, used by 
McEntee in his experiments. Plate 27 gives the sectional area 
curves of entrance and run, also diagonals and W.L.’s, as shown on 
Plate 26 in the form of curves, in a form which will be found very 
useful by the designer who may wish to make use of this very good 
model. An explanation of how to use the diagram is shown under- 
neath the curves. By means of it the other models used by McEntee 
can be obtained. They were formed by varying the fore and aft 
position of the parallel body, thus either shortening the entrance 
and lengthening the run or vice-versa. 

Plate 28 gives the results obtained by McEntee in the form of 
curves which are self-explanatory. Briefly they indicate that for 
a ship of the fulness of model 2023, the best position for the parallel 
body is with two-thirds of it forward of midships and one-third aft, 
giving a centre of buoyancy about 2} per cent. forward of amidships. 
These results were confirmed by Semple in his ‘G’ model of prac- 
tically the same coefficient, and even in his finer series ‘ M,’ although 
the best position was amidships, still with the C.B. 2 per cent. 
forward there was very little increase in resistance. - As Semple’s 
results contain a wealth of information, his complete findings are 
given here in tabular form in Table No. 9, and his wake values in 
Plate 29. These wake values are plotted to a base of prismatic 
coefficient aft and illustrate how sensitive this value is to the fulness 
or fineness of the after end. An explanation of the wake will be 
found in a later heading. 


Curve of Areas and Prismatics of Entrance and Run. 


Before proceeding to discuss this section it would be well at this 
point to explain in detail the models used by Mr. Baker in his 
1914 paper, which will have most bearing on this section. 

Baker's models were divided into three sets, each having a 
fixed proportion of parallel body inserted amidships between 
equal entrances and runs. The percentages of parallel body 
used were 10-45, 30, and 50. ‘In each set five different entrances 
were tried with one run, and five different runs with one entrance. 
Three of the entrances were of different shape, but of same prismatic 
coefficient, whilst three were of different prismatics, the same 
applying to the runs. The load water-lines were of the same 
character as the curve of areas, as a glance at Plate 30 will 
show. This Plate give the sectional areas and load water-lines 
used, with their corresponding prismatics, 
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The following Table gives the particulars of all the models 
brought to a common standard length of 400 feet. 


Table 10. 
Group F 10-45% parallel body, Group G 30%, Group H 50%. 
Length = 7-654 x Beam. Draught -= = 


Midship Section Coefficient = -980. 


PRISMATICS. 
| Models. |\——————_—_—_ —_.__—_——_; REMARKS, 
| Ent’ce. | Run.| Total Total Total |. 
i Group F. | Group G. |} Group H. 
1 72 on 712 775 850 
2 672 | All 690 | 758 828 | Straight line bow. 
3 672 | 638 | -690 ‘758 828 | Medium line bow. 
4 672 690 “758 ‘828 | Hollow line bow. 
5 625 67 741 816 
6 578 664 737 812 
7 All 638 690 | ‘758 828 | Straight line stern, 
8 672 638 - *690 ‘758 828 Medium line stern, 
9 : 638 | . -690 -758 -828 | Hollow line stern. 

10 70 -719 780 | -843 


68A | -764  -638 “850 
| 


Mr. Baker presented his results in the following form. One 
object of the experiments being to trace the cause of bad perfor- 
mances, the results were plotted with (©) values as ordinates 


Vv 
to a base of (P) where () = -746 VETL 
x 


lation of the speed of the ship to the speed of a wave, having a length 
. from crest to crest equal to P x L where P is prismatic coefficient. 
The position of the humps and hollows in the resistance curve 
depends on certain values of this ©), which are indicated on 
Plate 31, given as an example of Baker’s mode of presentation. 


(P) expresses the re- 
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Briefly stated, Baker’s findings were as follows :— 
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Sadler in America, in some experiments with a model of -869 
prismatic, found that a rounded form forward and a straight run 
aft gave the best results. (See Plate 44, F-.8 series). 

From the above analysis it seems to be desirable to adopt 
forward a hollow sectional area curve at fine prismatics, a medium 
hollow at the intermediate coefficients straight ended at about 
‘8 prismatic and slightly rounded about -85 prismatic. Aft a 
gradual change from a medium hollow run at fine prismatics to 
a straight run for the intermediate and full. 


The following notes by Mr. Baker are of interest :—‘‘ Generally 
speaking a somewhat full shoulder to the entrance is not detrimental 
if speed low, but a full shoulder to the run may result in increased 
power due to either eddy or divergent wave formation. (Semple 
confirms this in his paper with models C and H, where C is a fuller 
model than H and with worse position of parallel body but with 
much easier run. It is owing to this latter circumstance that the 
power is less than in H). Another point to note—do not cut away 
the after end of run to get a fine finish, but let the area curve be 
carried out with a fair curve to its end with no marked change in 
shape just before the body post. The slope of the tangent to the 
curve should avoid a quick change and its maximum slope to the 
base kept as small as possible.” 


~~ 


Load Water Line. 


As regards this important feature, Baker’s conclusions are as 
follows :— 

For all full vessels this should never be hollow or concave at 
entrance, but be slightly convex or straight. Where it runs into 
the parallel middle body it can be fairly blunt. As the speed in- 
creases the entrance angle must be made finer and the greater must 
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be the distance from the stem before turning into the parallel body. 
At low speeds (say 9 knots for 400 ft. ship) 60° can be permitted. 
At the after end, the angle between any tangent to the load water- 
line and the middle line of the ship should not exceed about 20° 
in order to avoid dragging dead water with the vessel. Should a 
greater angle than 20° become a necessity, the curve must be so 
drawn that the maximum slope is as far aft as possible, consistent 
with finishing at the rudder -post without any marked change in 
curvature or hollow in the curve. At low speeds a fine end aft, 
obtained by filling out in front of it, is quite as conducive to eddy- 
making as a full finish, as the stream lines tend to break up whenever 
the rate of expansion exceeds that given by a level boundary of 
20° to 25°. It is here that the main propulsive benefit of a cruiser 
stern is obtained. With beamy ships or ships of high prismatic, 
‘a well-immersed cruiser stern enables a reasonable slope to be given 
to the load waterline and lines immediately below it, thus eliminating 


eddy formation in this area. 


Transverse Sections. 


Sadler’s 1921 paper on “ The influence of shape of tranverse 
sections upon the resistance of vessels of moderate speed ” probably 
on the whole is the best and most definite guide on this matter. 


The parent body plans and curve of sectional areas used by 
Sadler are shown in Plate 32 and indicate the changes in type of 
section used. They are based upon a vessel 425 B.P. x56 feet 
beam, with a normal draft of 24 feet 9 inches, and a deep load draft 
of 27 feet 9 inches. It has a cruiser stern and a length on the deep 
load line of 435 feet. 


Two parent forms were taken as follows es 
(1) A model with a fixed length of run with “ medium” type 
of stern sections. 
(2) A model with a fixed length of entrance and ‘‘ medium ” 
type of bow sections. 


Each model was further modified in the following manner :— . 


Fixed run 405% Five lengths of entrance Each type with U, 
L.B.P. from 23°7% to 48:5% medium and 
L.B.P. V-shaped sections 
forward. 
Fixed entrance § Four lengths of run, Each type with U. 
27% L.B.P. from 24:3% to 48-6% medium, and, 
L.B.P. i i sections 
aft. 


The particulars of the parent form are given in the following 
Table, the parallel body being 325% of L.B.P. :— 
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Bow Sections Stern Sections B/d. 
varying. varying. 
: { U,. ‘734 727 | 
15 foot draft, -. M, 730 728 , 373 
|v. 77 721 
J) u 756 757 _ 
20 foot draft, _M, 754 753 28 
lv, 753 750 f 
f U 772 772 
24-ft. 9-in. ,, M, 772 772 ( 2-26 
lv, 772 772 
( U 785 ‘783 
27-ft. 9-in. ,, - M, -786 784 2-02 
| v, 787 785 
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PLATE 34, 
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Plate 33 shows diagramatically the other variations of middle 
body and ends with prismatic coefficient. Plate 34, as a general 
comparison of V and U sections, shows the effect upon resistance 
for a full and a fine vessel with (1) stern sections, (2) bow sections 
varied. Generally with regard to bow sections, it is apparent that 
within the range of speed suitable, the V-shaped sections are best 
for the full form and U-shaped sections for the fine form. Plates 


35 and 36 show the effect on resistance in terms of ee due to 


modification of bow sections with a constant medium type of stern 
and modification of stern sections with constant medium type of 
bow, and also the influence of change of draft from light to load. 
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PLATE 36. 

Table 12 gives the percentages of parallel body at which the 
resistance is a minimum for any given speed and the value of effective 
horse-power per ton at that speed. Cross curves can be made from 
this table showing the effect of these various changes for a selected 
speed length ratio. A diagram obtained in this manner is shown in 
Plate 37 for a speed length ratio of ‘581. 

The following example will illustrate how to use these results 
to find the effective horse-power for a similar ship. Prof. Sadler 
found that when the similar ship is only 10 to 12 per cent. longer or 
shorter than the model ship, the horse-power per ton can be obtained 
by multiplying the similar quantity for the model ship by 1:5. where 
Lis the linear ratio between the model and the similar ship. 
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PLATE 37. 


The E.H.P. of any ship taken as a model will be 
E.H.P., = (f, S, Vi;2"3= + Ry Vi) x -00307. 
coefficient of friction for model ship S,=wetted surface. 


ll 


1 speed in knots. w= wave resistance of model in pounds. 
E.H.P.. E.H.P., a 
then = = See CO 
Displ., Displ.; 


The selection of the best type of section will depend upon— 


(1) Thespeed length ratio. 

(2) The fullness. 

(3) The distribution of displacement longitudinally. 
(4) The ratio of breadth to draught. 


In the finer types of vessels of the merchant class and at speed 
length ratios over :75 and not exceeding 1-0 the U-shaped bow 
sections accompanied with moderately V-shaped sections aft, 7.e. 
sections not too full on the W.L. will give good results. 
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In the fuller types and at the speed length ratio of about -6 or 
under, V-shaped bow sections accompanied with moderate V-stern 
sections as above will give satisfactory results. 

If it is anticipated the vessel is to run at reduced draft for any 
appreciable percentage of her time, then the U-shaped bow sections 
lose their advantage and a compromise section will prove most 
satisfactory. Oil-carrying vessels are an illustration of this case. 


The underlying cause cf the variation of resistance due to shape 
of section is probably to be found in the general conditions of stream 
line flow at the ends, so that the prismatic coefficient of the ends, 
combined with speed length ratio of ends and also what may 
be called ‘‘ diagonal fineness,’ will influence the results. Taylor’s 
experiments on stream line flow around vessels show conclusively 
that a good deal of the general flow is in a downward direction and 
consequently anything that can be done to make the passage as 
easy as possible, 7.e. by paying some attention to the lower parts 
of the sections, particularly where these fair into the midship part, 
will probably reduce the resistance. 


Level Lines and Contours. 


As stated in the previcus section for the average cargo vessel, 
the change in slope of the level lines from the load line to keel should 
be fairly uniform, to conform with the flow of water which is known 
to be along bow lines. To keep these as easy as possible for some 
distance transversely on each side of keel, the lowest levels should 
either be hollowed at their fore ends or the forefoot cut away. This 
has the effect of reducing the “‘ bow breaker ’’ and also decreases 
the wetted surface. At higher speeds the upper portion of the 
stem contour should be raked forward to lengthen the water-lines. 
To obtain V-sections aft some hollow at the lower levels becomes 
necessary. This should be kept within limits, although a little 
club-footing does not appear to have an adverse effect. In twin- 
screws where the deadwood can be cut away this hollowing can be 
reduced to a minimum. What must be avoided is a pronounced 
convex curve at the shoulder followed by a steep slope as the level 
line approaches the middle line, giving very steep buttocks. The 
levels above the aperture should be filled out and run as near to 
the rudder post as practical considerations will allow, to avoid 
eddy formation. 


Standardised Diagram for Constructing Lines. 


It will be noticed from Plate 30 that Baker has given the 
form of the load water-lines of his models as well as the sectional 
areas. Therefore, the means are at hand of constructing body 
plans embodying the results of these experiments. 


WATER LINE. 
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The series of diagrams (Plate 38) giving coefficients for load 
water-line, half-draught diagonal, bilge diagonal, and quarter-width 
diagonal have been obtained from body plans so constructed. 
From them a body plan may be obtained in about 30 minutes. 


To illustrate their use, suppose it is necessary to design a body 

plan for a ship of, say 
T.S.S. 477 ft. B.P. x 62 ft. 9in. x 28 ft. 10 in. draught. 
18,800 tons displacement (bossing, say 44 tons). 
Block coefficient mld. -763. 

Design midship section of, say -983 coefficient. 

Then prismatic = ~ = ‘776. Suppose the centre of 
buoyancy to be 2 ft. 3in. aft (ex. bossing). Next obtain prismatics 
forward and aft respectively, as explained in Appendix B, of -767 
forward and -785 aft. Set up lines at these coefficients on the 
various diagonals obtaining the corresponding proportions. Then 
take half B and lengths of diagonals and multiply by proportions 
obtained, the results being offsets for the body. It is better to 
use moulded displacement, making the necessary correction for 
shell of say 6 tons per 1000. Plate No. 39 shows the body plan 
thus obtained. 


PLATE 39. 


It should be noted that these results have been obtained from 
body plans designed for a ratio of breadth to draught of 2-25, which 
fairly well covers merchant practice, and length ratio of 7-65. A 
study, however, of Taylor’s results shows :— 


eee in 
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_ 1. That the ratio of beam to length does not affect the resistance 
seriously within ordinary merchant ship limits. 
2. Reduction in resistance follows increase in draught and 
vice versi. 


Plate No. 40 illustrates another body plan designed in accordance 
with Baker’s results. The dimensions taken are as follows, the 
coefficients being those of model 111p (see Kent’s paper, 1915). 


S.S., 442 ft. 6 in. BP x 58 ft. Gin. x 28 ft. Sin. draught. 

Displacement 16,160 tons, moulded 16,037 tons, deducting 
shell and cruiser stern, 17 tons. 

Centre of buoyancy, 2 ft. 9in. forward amidships. 

Block moulded -763, extreme -760, on L.W.L. +735. 

Mid area coefficient mld. -984, extreme -980. 

Prismatic forward -788, aft -762. Total -775. 


PLATE 40. 
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= = 178 V =(®)x 134 V Px Lat 12} knots (Pp) = -514 
A 


Vv 
most suitable sea speed 12} knots at VL = +585. 


Mr. Baker's medium entrance of -672 and run of -638 have 
been used. 


Plate No. 41 gives the sectional area curves and load water- 
lines of three very good models. The Table will show at a glance 
their various coefficients. Two have cruiser sterns and one ordinary. 


Plate No. 42, referred to previously, gives sectional area curves 
for various types of ships. The diagram is self-explanatory. 
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PLaTE 41. 


Liner Type of Curve. 


It would be well at this point, before entering into a detailed 
discussion of the liner type, to explain the relation of Prismatic 
to Speed Length Ratio, a relationship which for this type is of 
vital importance. 


Relation of Prismatic to Speed Length Ratio. 


At all speeds there is a certain amount of resistance due to wave- 
making. At low speeds it is almost entirely due to the creation 
of the bow and stern diverging series, especially the bow, and almost 
entirely depends on the form of the ship near the ends at the water- 
line. The length of the ship has practically nothing to do with 
their creation. As the speed increases, transverse waves are 
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formed and become at high speeds a vital factor in resistance. 
Their extent has been found to depend largely on the relation of 
length to prismatic coefficient. In vessels such as torpedo craft 
forced to very high speed, form, such as relation of breadth to draft, 
has been found to have a vital effect on the creation of transverse 
waves. The Plate, No. 43, as given by Mr. Baker in his 1913 


ri 
PRISMATIC PERCENTAGE 6 
COEFFICIENT: PARALLEL BoDY. 
| 50) MERCANTILE «= FORMS 
ONSTANTS CORRECT 
FOR 400FCGOT SHIP. 


DESTROYER. CONSTANTS 
OR 2SSFOOT SHIP. 


Pate 43. 


paper, will help to explain this. It shows the results of resistance 
experiments on four varying types of models. The critical speeds 


of all the models except the destroyer one, correspond to ®) =, 


1 1 ; 

— — etc., and there are flats or hollows in the resistance 
Va-V3 

curve at these values. These humps are caused by the crests of 
the bow and stern transverse waves coinciding. At certain speeds 
this hump becomes very large. Mr. Baker states that the change 
over from this hump to the succeeding hollow has been found to 
occur at the natural speed of waves whose length is equal to P x L. 
This speed, as previously stated, is given by the formula V = 1-34 
/PxL. The speed at which the other and smaller humps occur 


62 THE DESIGN OF SHIP’S LINES AND 


ee 
can be found by substituting = for L, » taking account of the 


number of wave lengths between the two systems. A study of 
Plate No. 43 will give the @) values, which are likely to be trouble- 


some at different prismatics and correspondingly those that are 
beneficial. : 


_ Hollows are found to occur at () values of 
ee Eg EE gl 
3 ZF Nat Vise Vg: 


To take an example, suppose we wish to find lengths for a ship 
of 13 knots speed and -775 prismatic at 


4 ve 13 
-®) ~ V4 we get is ~ 746 —— 


V-T7I5xXL 


giving L = 455 ft., or we could have the length and prismatic fixed 
and find the speed. These results Mr. Kent, as we have already 
stated, has embodied in Plate No. 23. _A very interesting series of 
articles in “ Marine Age and Shipping Record” has recently been 
published by Mr. F. McAllister, discussing this question of humps 
and hollows, giving formulae for their prediction. 


Area Curve for Liners. 


For the intermediate liner of about 16-17 knots and the high- 
speed liner, the information published is not so extensive as that 
on the cargo vessel. However, from Sadler’s papers and Baker’s 
finer series, information and guidance can be obtained. In Baker’s 
1914 paper there is one model of exceptionally low © value, viz., 
No. 5, group_F. This model had an entrance of -625 and run of 
-638, with 10°45 per cent. of parallel body, total prismatic -670, 
block -656, mid-area -980. Its highest economical value was about 
67 at 16 knots for a 400 foot vessel. The sectional area curve is 
given in Plate 42. Its features are a medium hollow forward in 
sectional area curve and a straight run aft. A body plan con- 
structed from this curve would give very U-sections forward and 
V-sections aft, both suitable for easy propulsion, but in actual 
practice it would be difficult to obtain the necessary stability owing 
to the very fine water-line. However, its main features can be 
followed and a very economical ship obtained. 


Professor Sadler in 1907 and 1908 delivered to the American 
Society of Naval Architects two papers which contain most valuable 
‘ data on this type. His F6 series deal with the intermediate liner 
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—— Vv 

type of Was -75 to -90, and his F7 series with the transatlantic 
; Vv : 

intermediate type of merchant vessel —— -60 to -75, with a 


VL 
limiting economical speed of about 725. Dealing with the F6 series 
first, Plate 44 will illustrate the type of sectional area curve used, 
There are two types of bow and two types of stern used, viz., fine 
bow, full bow, fine stern and full stern. These were tried in four 
different ways, viz., fine bow fine stern, full bow fine stern, full 
bow full stern, fine bow full stern. 

In his F6 (1), with fine ends, there was about 20 per cent. 
parallel body and with full ends (round lines) no parallel body. 

In this series F6 (1) a form with fine waterline is best, not too 
full at bilge diagonal forward. For the aft body, the curve of 
sectional areas should taper gradually from mid-section somewhat 
full on waterline, with an easy bilge diagonal. F6 (1) the minimum 
residuary resistance is with about 10 per cent. parallel body. Curve 
of areas slightly hollow forward and fore body waterline slightly 
hollow sections U’d. A finer model would have no parallel body 
area curve hollow both ends, fore sections V’d fore body waterline 


Vv 
straight if — > > 1-2. 
ee 
F6 (2) and (3) had same sectional area curve as F6 (1) but greater 
beam, F6 (3) having a finer prismatic than (2), as shown in Table 13. _ 
By increasing the beam, the parallel body was reduced. These 
changes gave a more easily driven vessel than F6 (1), F6 (3) having 
the least resistance. 400 ft. vessels, corresponding to F6 (1) and 
(3) would have the following comparative dimensions, viz., 
F6 (1)—400 ft. x 50 ft. x 23 ft. 4 in. x 8710 tons displacement. 
F6 (3)—400 ft. x 55 ft. x 23 ft. 4in. x8710__,, 7 
Plate No. 44 illustrates the type of sectional area curve for the 


Vv 
F7 series. Length/beam = 8 service speed, ~= = 60 to +75 
limit of economical speed -725. VL 

Four different types were tried, as in F6, and the Table 14 gives 
the results for the best ends. 

From the above Table it will be seen that it is advantageous to 
have a comparatively long parallel body and fine bow in the fore 
body, while with the after body the best results seem to be obtained 
by adopting a form with a more gradual diminution of area from the 
midship section aft. 


The vast majority of passenger liners range from about -6 to 
.7 block, -65 probably including most of them, the finest probably 
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being the Mauretania of -59 block, a fineness made possible by her 
great beam, which also allowed U sections forward with slightly 
hollow sectional area curve, which was found to be the ideal form 
when dealing with F6 series. A typical sectional area curve for 
liner of about 20 knots is given in Plate 42. 


The Influence of the Bulbous Bow on Resistance. 


This type of bow has been fitted for a very long period to ali 
warships in both the British and American navies and has been 
found to be less resistful than the ordinary bow. . 


The reason for this is because the bulbous or ram bow is an 
extreme case of an U bow, being much fuller below the waterline 
than at the waterline. The excess pressures set up round the ram 
being well below the surface are more absorbed in pumping the 
water aft where it is needed and less absorbed in raising the surface 
and producing waves than if the same displacement were brought 
close to the surface. 


Recently the Clyde Line of New York have fitted this bow on 
their liners with considerable success. In 1923, Admiral Taylor 
carried out a series of experiments on this type of bow. These 
experiments not only show the effect of the ram bow on resistance, 
but what an important factor the bow slope of the curves of sectional 
areas is in this respect. This slope is expressed by a quantity ?¢ 
obtained as follows—for the normal form where the ordinate of the 
sectional area curve is zero at the F.P., draw the tangent at the 
bow to the curve of sectional areas. This will cut the vertical at 
the centre of length intercepting on it a certain ordinate. Then ¢ 
is the ratio between this ordinate and the ordinate of the sectional 
area curve at the centre of length. 


The ram bow is expressed quantitatively as follows :—The 
sectional area curve instead of coaming to zero at the F.P. has an 
ordinate there, representing the area at the F.P., and the extent 
of this bulbousness is expressed by the ratio between this F.P. area 
and the area of the mid-section. The symbol f is used to designate 
this ratio. When f has a value it is necessary in order to determine 
t correctly to deduct f from both the midship ordinate of the tangent 
at the bow and the midship ordinate of the curve of sectional areas 
and then proceed as before. 


Two series of models called A and B, of about 20 sets in each 
were tested. Plates 45, 46 and 47 show the sectional area curves 
for each set with the corresponding ¢ and f values. Table 15 gives 
the characteristics of these models expanded to a 400 foot ship :— 

The wetted surface varied with ¢ and f. 


Models A are suitable for the fast passenger vessel or battle 
cruiser type, whilst B are of the battleship type. 
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TABLE 15. 

| 

| A. | B. 

| { 
Length, 400 ft. | 400 ft. 
Breadth, a cee 45-66 _ 64-64 
Draft, wit a aes 13-62 20-20 
Prismatic Coefficient, ee | -60 | “65 = 
M. Section Coefficient, ses 92 ‘99 
Displacement Length Ratio, | 60 150 
Beam to Draft Ratio, 2 3:35 3-20 
Coeff. L.W.L. forward, i +62 67 

is alt, «ss sere | 75 ‘775 

Block Coefficient, sas | +552 -6435 
Displacement, mit 3840 tons. 9600 tons. 


Plates 48 and 49 summarise the results of these tests for both 
series by means of four curves, showing values of f and ¢ and the 
percentage of total resistance saved through the use of the bulbous 
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PLATE 48. 
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ae : Peeds up to a speed length ratio of 1°5. The 
frictional resistance expresseq in Ibs. per ton of displacement is 
also shown. — Taylor expresses this in the form of contour curves 
which the student can obtain in the original paper. A study of 
diagram 49 will show that the saving in resistance is very important 
in the B type at speed length ratios over ‘7, and the values of f also 
become large. Although the extreme bulbous forefoot can hardly 
be applied to the usual type of merchant vessel, considerable ad- 
vantage can be obtained in using it in a modified form by reducing 
f to 0 and using a curve with the proper values of ¢. Plate 50 gives 
these values for various displacement length ratios. 


Summing up Series A, a properly chosen bulbous bow will save 
something like 10% residuary resistance and from 1% to 3% total 


forefoot at different s 


Vv 
for speeds up to FE = 1; at higher speeds the relative saving 


is less and disappears at speeds as high as 3 = 15, As re- 


Vv 
gards ¢ the best value remains close to unity until we reach —— 


1. It then increases rapidly with a until it reaches 3, when 


= 1-25 and still more for higher values. 
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Series B.—Rather full moderate speed vessels. At low and 
moderate speeds, the best value of ¢ is about zero, which is quite in 
accordance with tests of moderate speed vessels. 


For high speeds large prismatic coefficients are needed associated 
with full ends and for low and moderate speeds small prismatics 
with fine ends. 


How this type of bow would behave in a seaway, especially at 
low drafts, is a question which should be considered before fitting 
it to such a vessel. 


The Effect of Appendages on Resistance and Propulsion. 


Before entering into a detailed explanation of Luke’s and 
Kempf’s experiments on this important subject, it will be necessary 
to explain what is meant by the frictional wake. 


The friction of the water on the surface of the vessel causes a 
surrounding belt of water to follow in the direction of the vessel’s 
motion and its forward velocity gradually increases as we go aft. 
Thus at the stern we have a considerable belt of water having a 
forward velocity. This velocity varies in amount and direction, 
being greatest at the surface and very little at the keel. It can be 
assumed in the case of the propeller to have a certain uniform 
velocity forward. We call this body of moving water the frictional 
wake and its speed is usually expressed as a fraction of the speed 
of the ship, say «V. Its speed is greater nearer the middle line of 
the vessel and consequently will have more influence on single- 
screw ships than on twin. There is another wake known as the 
stream line wake, which is of lesser extent. This explanation will 
show the importance of this wake, as the propeller has thus to work 
in water which has this forward velocity. Consequently the speed 
of the propeller through the water is not the speed of the ship, but 
V—x«xV=V, say. We can thus see that the propeller will derive 
an increase of thrust from this source, especially in single-screw 
ships. However, this frictional wake is complicated by the exis- 
tence of other factors. 


(2) The stream line wake already mentioned (the stream lines 
closing round a vessel tend to a diminution of velocity and increase 
of pressure) ; especially is this so with full-lined vessels, as we have 
already stated in other sections. 


(b) The presence at the stern of the vessel of a wave ; especially 
is this so at high speeds, the particles forming the wave having an 
orbital motion. Ata crest this orbital motion is forward, 7.e. same 
as the ship, in a trough they move aft. Thus a screw working 
under a crest will have a large forward wake, but if near a hollow 
the effect will be to cancel the frictional belt and stream line effect 
and give even a negative wake. Destroyers travelling at high 
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speeds usually have the stern in a small hollow and exhibit this 
phenomenon. Their wake is seldom more than 2% positive. 
The presence of the propeller itself causes an interference with the 
natural closing in of the stream lines at the stern, thus causing an 
increase of resistance greater, naturally, in single-screw vessels 
than in twin. 


The usual practice is to regard this increase of resistance as a 
loss of thrust of the propeller. Suppose T to represent the thrust 
required to overcome the ship’s resistance + this increase and R the 
thrust to overcome the resistance alone, then T—R is referred to 
as the thrust deduction and T—R=#T, so that R=T (1—7?) and 
1—1 is called the thrust deduction factor and is usually considered 
to balance the wake gain factor 1—x or : : = | 

In twin-screw vessels the bossing is another factor tending to 
interfere with the stream line flow and consequently increasing 
resistance. The angle this bossing has to the horizontal has a very 
pronounced bearing on this point. Mr. Luke of Clydebank carried 
out a series of very interesting experiments on this subject and 
recently Prof. Bragg, in the States, has made a notable contribution. 


In Luke’s 1910 paper, reference is made to experiments on models 
with bossings and to their influence on screw propeller performance. 
He experimented with 5 sets of bossings at angles of 0°, 223°, 45°, 
674° and 90° from horizontal (see Plate 51). | These bossings were 
made uniform, as it was desired to find the effect of the angle, not 
the slope. From Plate 51 it will be seen that the resistances at 
0° and 90° are greatly in excess of the other bossings, naked hull 
resistance being unity. Luke then investigated the hull efficiency 
elements and found that with horizontal bossings and propellers 
turning outwards a large wake results, which decreases steadily 
with increase of slope. With propellers turning inwards, the effect 
is the reverse. This looked as a gain, but Luke found on further 
investigation that the increase in hull resistance, due to the presence 
of the bossings, just about balanced the gain from the wake, so 
that the net propulsive gain was nil. The most important discovery, 
however, was that while high wake values accompanied horizontal 
bossings with outward turning screws, a very low wake was as- 
sociated with inward turning screws with the same horizontal 
bossings. Where no bossings are fitted, direction of rotation of 
screw seems immaterial, but it is very essential to adopt outward 
turning when bossings of less than 45° slope to the horizontal are 
fitted. Ignoring screw efficiency, these results lead to the con- 
clusion that inward turning screws require an angle of about 45° 
and outward turning do best with smaller angles than 45°. If the 
screw efficiency be taken into account, horizontal bossings and 
outward turning screws or vertical bossings and inward turning 
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screws give a high wake value, which means a high slip and low 
efficiency of screw or large diameter with smaller pitch and large 
bossings, the screw efficiency dropping, but not so much as in the 
former case. This loss just about balances the gain in hull efficiency 
(comparing horizontal with 45° bossing) where hull efficiency 
1-2 : ‘ 
© a It can be safely concluded that either inward turning 
—% 
combined with horizontal bossings, or outward with vertical, will 
result in a bad performance. 
It may be stated here that the fore body has practically no effect 
on the wake.* 


Mr. Luke’s experiments dealt mainly with the effect of the slope 
of the bossing on the wake ; they did not take into account how this 
latter might be affected by the shape of the after sections. However, 
Dr. Kempf, in Germany, has published a notable paper dealing with 


* This statement has recently been controverted by Prof. Bragg. 


CAL 
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this phenomenon. Until recently all experiments have been con- 
ducted with naked towed models and detached propellers. McEntee, 
as has already been stated, being the first to make use of the inside 
drive, thus opening up new possibilities for more accurate deter- 
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PLATE 52. 


mination of the delicate and fluctuating relations between the ship 
form, propeller, rudder, etc. His paper dealt with the fineness of 
the after end, not with the shape of the sections. Kempf, however, 
has taken up this question and his results are exceedingly interesting 
and useful. Plate 52 indicates the form of sections experimented 
with for a ship of about -768 block. The arrows indicate the direc- 
tion of the stream line flow round the stern of the vessel. In the 
case of U frames, the water flows more horizontally towards the 
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propeller and is more evenly distributed over the disk. With V 
frames, on the contrary, the flow to the upper blades is interfered 
with considerably. It is easily seen from this that a single screw 
vessel with V frames at a low draft will show a considerable amount 
of suction and poor efficiency. As shown on Plate 52, the U form 
creates an inboard flow and V an outboard flow, both absorbing 
energy. From this it may be inferred that an intermediate form, 
such as what is known in Germany as the Maier frame, shown in 
Plate 53, will absorb the least energy. Several ideas of utilising 
this flow by diverting it into a direction opposite to the rotation 
of the screw to regain tangential losses and increase propulsive 
efficiency have recently been evolved in Germany, such as that of 
Dr. Hass, which is to regain the losses forward of the propeller and 
that of Dr. Wagner to regain the losses abaft by means of stationary 
guide vanes or what is known as the contra-propeller. 


The Relation between Spectacle Framing and Ship Form. 


For twin-screw ships, U framing is preferable at low speeds, the 
inclination of the struts not being over 15° with outboard turning 
propellers to utilise the inboard flow created by the ship form and 
spectacle framing. 


Dr. Kempf gives the three following alternatives for the position 
and design of the spectacle framing :— 


(1) The bossing and framing located as parallel to stream lines 
as possible, and inclined 45°. This arrangement gives minimum 
resistance and practically no diverting of flow takes place. The 
propulsive efficiency is therefore the same whether inboard or 
outboard turning propellers are used. This is in accord with Luke 
as regards the inward turning, but not quite so as regards the 
outward turning for, as has already been stated, the angle should 
be smaller than 45°. 


(2) The spectacle framing located more horizontal, the resistance 
increases some, an inboard flow being created; but the outboard 
propeller will utilise this flow. Up to date it has not been proved 
whether V frames are more effective in connection with horizontal 
or inclined bossing. It has been established, however, that U 
frames in connection with horizontal bossing are more efficient. 


(3) Bossing inclined greater than 45° increases the outboard 
flow created by the ship’s form. This requires inboard turning 
screws to utilise the deflection ; V framing in this connection gives 
the best propulsive efficiency, but the design interferes with the 
manoeuvring capacity. 
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Plate 54 gives the results in the form of curves and Plate 55 
the general outline of the framing employed. The inclination of the 
struts, as well as their slope, is of great importance. They must be 
designed to give sufficient deflection to minimise the tangential 
losses in the propeller jet. Some improvement in this respect can 
be obtained by fitting guide vanes to the struts. As regards 
single-screw ships, the flow action forward of the screw can be 
utilised only by (1) a body post of unsymmetrical section fairing 
into the lines; (2) specially designed guide vanes attached to the 
ordinary: port. 
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The Contra-propeller Company have developed this idea with 
considerable success, especially is this so with tow-boats where the 
load on the propeller is great. 


The tangential losses of the screw amount theoretically to 7%, 
which represents the maximum gain for guide vanes forward. In 
most cases more than 7% has been realised ; the addition is due to 
reduction of a previously existing resistance caused by eddy forma- 
tion aft of the body post. 


Prof. Kempf makes the following interesting remarks in con- 
nection with the wake :—‘‘It consists, as we have seen, of two 
separate units, namely a streamline wake caused by potential flow 
and a frictional wake caused by drag on surrounding flow.’’ Plate 
56 shows measurements of these wakes. The more frictional wake 
covered by the propeller disk, the greater the utilisation of the same. 


Wake behind single screw model 
PLATE 56. 


When designing the after end, it is therefore very important 
to guide the wake as concentrated as possible to the propeller disk. 
The ship form, in order to create the least possible suction, should 
be as far from the screw as possible. In a quite recent paper, 
Admiral Taylor tested this out. He tried three different sized 
propellers in six different positions, fore and aft and vertically. 
The results indicated that the smaller propeller was the most efficient 
when located as high as possible and reasonably close to the body 
post. 


With the present twin-screw ship form, it is impossible to utilise 
the wake to any great extent. 
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Ship’s Form Aft of Propeller. 


Mention has already been made of the contra-propeller or 
stationary guide vanes for deflecting the propeller jet to regain 
tangential losses. Savings in this respect are said to amount to 
12%, in some cases. 

These contra-propellers have different numbers of blades— 
6, 4 and 2. The six-bladed are the most efficient, but smaller 
numbers are preferred for practical reasons. These savings may be 
accounted for in the following manner :— 

(1) Regaining tangential losses. 

(2) Reduction in resistance caused by stern post. 

(3) Reduction in propeller suction, which may be explained by 
the reduction in revolutions when the contra-propeller 
is fitted. 

Savings of 15% in power are quite common where this device 

is fitted. It is also stated to help the steering. Items (2) and (3) 
may be regained by a body of symmetrical section in the propeller 
jet. For this purpose, several symmetrical stream line rudders, 
such as the Oertz and Flettner have been patented. The ordinary 
balanced rudder, by being made of the stream line form, can also 
regain some of this loss. They.all undoubtedly improve the steering, 
although some doubts have arisen in regard to the Flettner rudder 
for deep-sea vessels. For river work, it has undoubtedly realised 
its claims. As regards twin-screws, so far it has been impossible 
to measure any favourable effect due to these rudders. We thus 
see that while the efficiency of twin screws may be improved by 
about 7% by properly designed struts and correct direction of 
rotation of propellers, a combination of contra-propeller and stream- 
line rudder in single-screw ships may effect a saving of well over 
15%. 

ee conclusion, the author would draw the attention of the reader 
to what is known as the “ Maier” form of framing, about which 
very little has been published so far, but it is reported several 
German firms are ordering vessels of this form. If the claims of 
those in the know are true, it will certainly revolutionise the science 
of ship design. From the meagre details published it seems to 
consist of a parallel middle body of about one-third the length and 
of an after and fore end of V frames with a rising line of keel from 
the parallel body. This form should certainly help the vessel to 
turn quickly, but how it will help to keep on a straight course is 
rather doubtful. It will be very interesting to see how the first 
full-sized vessel will behave at sea. 

Finally, I would draw attention to the so-called corrugated ships. 
The inventors claim a considerable saving in power, but Mr. Baker 
expresses his doubts in regard to this, in fact stating he cannot see 
any superiority over the ordinary form. However, repeat orders 
have been placed, on the whole not a bad sign. 
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APPENDIX A. 


Plate No. 57, taken from an article by Mr. Peter Doig, gives an 
exceedingly useful diagram from which the designer will be able 
to obtain a very good estimate of his horse-power, besides seeing 


V 
whether his relationship between wT and the block coefficient 


gives him an economical ship as defined by the heavy line of average 
practice. These admiralty coefficients have been calculated for 
400 feet lengths and corrections will have to be made to their values 
for lengths of ships greater or less than this. The Table underneath 
the diagram gives these corrections. 
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As it is usually necessary to approximate to the stability par- 
ticulars early in the design, the following Table of coefficients, 
taken from the same article, will be found useful. 
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k B? 
BM. = IC where & is coefficient as given in tables. 


B beam, d draught. 
V.C.B. = d (-833—-333 7 Cm) 7 being obtained from table. 
For arriving quickly at the necessary stability, the diagrams 


in the 1920 Shipbuilding Encyclopedia, published by the Marine 
Engineering and Shipping Age will be found most useful. 


| APPENDIX B. 


Explanation of how to find Prismatic Coefficients, fore and aft, for 
standardised diagrams. ; 


To find Prismatic Coefficient forward and aft :— 
Suppose for example, ship 400 feet long, with centre of buoyancy 
2-6 feet forward, and total prismatic coefficient +750. 
2. L 
aS. = -0065 L forward, or -0130 (= 
400 2 
Try -765 forward and -735 aft. 
Reading from curve of locus of C.B. forward at -765, Plate 38, 


L “ ane 
we find C.B. to be -3975 of 2 forward. Similarly at -735 we have 


-3875 of 4 L aft. 
Find difference in moments :— :765 x -3975 = 3040875 
-735 x +3875 = 2848125 


at 1-5 = 019275 


019275 ibs nah ts : 
= ie 01285 =) forward, which is approximately correct. 


An approximate rule, known as ‘“‘ Hoggs Rule,” is as follows :— 
C.B. aft or forward + -1% of length 
half length 7 
amount to be added to or deducted from C,. 
In above example :— 


2-6 + -40 
————- = 015. 
| 200 
C, forward = -750 + -015 = -765. 
C, aft = +750 — -015 = +735. 


which is in this case almost identical. 
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